Background: Bcl2 is an important prognostic parameter in human breast cancer. However, the evaluation of Bcl2 expression by immunohistochemistry is carried out using arbitrary scoring criteria. In the present study, we evaluated the clinical relevance of a novel, semiquantitative classification of the Bcl2 immunostaining based on both the distribution and the intensity of the staining reaction.
introduction
Bcl2 is expressed by a wide range of normal tissues and tumors and belongs to a family of proteins which regulate the programmed cell death or apoptosis [1] . Since Bcl2 protein is a prosurvival factor which blocks apoptosis, its overexpression in human tumors would be expected to be associated with a more aggressive phenotype as well as to confer resistance to those forms of treatments inducing cell death. This is actually true for some human tumor types, including acute myeloid leukemia [2] , aggressive non-Hodgkin's lymphoma [3] , prostate carcinomas [4] , neuroblastoma [5] , and testicular carcinomas [6] , where high Bcl2 expression was found to be associated with a worse clinical outcome and radio- [7] and chemoresistance [5, 8, 9] . However, in other human tumors including non-small-cell lung carcinoma [10] , esophageal squamous cell carcinoma [11] , cervical carcinoma [12] , melanoma [13] , and breast carcinoma [14] [15] [16] [17] , Bcl2 expression was positively associated with favorable prognostic features and better survival. In particular, in breast cancer it has been definitively shown that high Bcl2 levels are related to low tumor grade, positive estrogen receptor (ER)/progesterone receptor (PGR) status [16, 18] , low proliferation rate [19, 20] , favorable prognosis [19, [21] [22] [23] , and good response to adjuvant therapies [20, 22, 24, 25] .
In clinical-pathological practice, Bcl2 analysis is usually carried out by immunohistochemistry, using specific monoclonal antibodies (mAbs). Nevertheless, quantitative immunohistochemistry is far from being a reliable standardized procedure. Immunohistochemical Bcl2 quantification mainly relies on the evaluation of the staining intensity, which is subject to variables linked to the staining reaction itself, observer's subjectivity, and arbitrary scoring criteria. This technical limitation may be considered responsible for the differing data reported in literature with regard to the original article frequency of Bcl2 expression and the clinical utility of the Bcl2 parameter [13, 18, 26] . In order to obtain a reliable immunohistochemical scoring of Bcl2 expression, in the present study we have scored 69 breast cancer samples into three immunohistochemical classes on the basis of the distribution and intensity of the staining reaction. This scoring system was validated by comparing the Bcl2 protein expression with the Bcl2 messenger RNA (mRNA) levels evaluated by RT-PCR on frozen specimens from the corresponding tumor samples. Since a highly significant association was found between protein and mRNA for Bcl2, the Bcl2 immunostaining classification was applied to a larger series of infiltrating ductal carcinomas of the breast (n = 442) in order to test its interobserver reproducibility and clinical relevance.
patients and methods patients
Two different cohorts of patients were considered for the two different purposes of our study.
For the definition of the immunohistochemical scoring system, on the basis solely of frozen tissue availability, a first cohort was selected from a series of consecutive patients who underwent surgical resection for primary infiltrating carcinoma of the breast at the Surgical Department of the University of Bologna from 1994 to 1995. This first group was made up of 72 cases aged from 28 to 87 years (median age 62 years).
For the evaluation of the clinical relevance of Bcl2 expression-as assessed according to our scoring criteria-a second cohort was used including infiltrating ductal carcinomas only, due to the different prognosis which characterizes the other breast cancer histotypes. This second group was made up of 442 consecutive patients aged from 25 to 89 years (median age 61 years) who underwent surgical resection for primary infiltrating ductal carcinoma of the breast at the Surgical Department of the University of Bologna from 1991 to 1995.
In both series, tumors were histologically diagnosed according to the World Health Organization criteria. Histological grading (G) was carried out according to Elston and Ellis [27] . Tumors were also typed by nuclear grading as follows: mild (NG1), moderate (NG2), and severe (NG3) nuclear atypia. Tumor size was evaluated in freshly obtained tissue, before formalin fixation, and coded according to the International Union Against Cancer pT recommendations. Axillary node status was assessed by pathological staging after axillary node dissection. The number of axillary lymph nodes examined ranged from 8 to 63 [mean number 6 standard deviation (SD) 26.4 6 9.2]. Axillary lymph node metastases were reported as absent (N0) or present (N+). ER and PGR status, Ki67 antigen expression, HER2 status, and Bcl2 protein expression were assessed on histological sections by standard immunohistochemistry, as reported below. All immunohistochemical analyses were carried out at the time of diagnosis. Patients were then regularly followed up every 6 months for a median observation time of 106 months (range 4-139 months).
The present study was approved by the Senior Staff Committee: the board which, at the time of patient enrollment, regulated noninterventional studies and was comparable to an Institutional Review Board.
immunohistochemical assessment
Four-micrometer thin serial sections were cut, collected on 3-ethoxyaminoethyl-silane-treated slides, and allowed to dry overnight at 37°C. Sections were then processed for immunohistochemistry according to stretavidin-biotin-peroxidase complex protocol combined with an antigen retrieval pretreatment at 98°C in citrate buffer solution (pH 6.0) for 40 min, and highlighted using a peroxidase/diaminobenzidine (DAB) enzymic reaction. Sections were finally counterstained with hematoxylin, dehydrated, and mounted with a specific resin (BioMount, Bioptica, Milan, Italy). The following mAbs were applied overnight at room temperature at the predetermined optimal concentrations: anti-Ki67 (clone MIB-1), anti-ER (clone 1D5), anti-PGR (clone 1A6), anti-HER2 internal domain (clone CB11), and anti-Bcl2 (clone 100), all from BioGenex Laboratories (San Ramon, CA). Negative controls were stained along with test sections; control sections received the same treatment, except for application of the primary antibody.
Nuclear immunostaining of ER, PGR, and Ki67 was assessed by image cytometry using the Cytometrica program (C & V, Bologna, Italy), as previously detailed [28] ; it was expressed as the percentage of labeled nuclear area over the total neoplastic nuclear area in the section (labeling index area: LIa). For each case, at least 2000 cells were evaluated. HER2 membrane immunostaining pattern and intensity were assessed by direct microscope evaluation following the four classes scoring system (0, +1, +2, +3) according to the published recommendations [29] . Cases were then classified as negative (classes 0 and +1) and positive (classes +2 and +3).
Bcl2 immunostaining was blindly assessed by direct microscopic analysis with no knowledge of either the clinical outcome or other clinicopathological data. The staining intensity was scored into three classes by a senior pathologist (MD) according to the criteria detailed in the ÔresultsÕ section. To test the interobserver reproducibility of the scoring system, two other investigators (DT and LM) evaluated the same slides without knowledge of the former classification. The classification of the senior pathologist was used in the statistical analysis.
quantification of Bcl2 mRNA expression by real-time RT-PCR Total RNA was extracted from the frozen samples using Trizol reagent (Invitrogen, Darmstadt, Germany). For each sample, 10 lg of total RNA was reverse transcribed using a High-Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA), following the manufacturer's instructions.
The complementary DNA (cDNA) was subjected to real-time PCR analysis in a Gene Amp 7000 Sequence Detection System (Applied Biosystems) using the TaqMan approach. Cycling conditions were the following: 50°C for 2 min, 95°C for 10 min, 40 cycles at 95°C for 15 sec, and 60°C for 1 min. For each sample, three replicates were analyzed. The Bcl2-specific set of primers and fluorogenic probe was purchased from Applied Biosystems. The relative amounts of Bcl2 mRNA expression were calculated using the expression of human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an endogenous control (TaqMan gene expression assays, Applied Biosystems). The final results were determined as follows: N target = 2
, where DCt values of the sample and calibrator were determined by subtracting the Ct value of the endogenous control gene from the Ct value of Bcl2 gene. In each single determination, the value obtained using a cDNA preparation from the LOVO cell line was used as calibrator. The LOVO cell line was cultured in standard conditions in our laboratory.
In order to quantify leukocyte infiltration for each tumor sample, the mRNA level of CD45 (common leukocyte antigen) was assessed by real-time RT-PCR. For this purpose, we used primers and probe with the following sequences (Pennington et al. 2001): forward 5#-GAAGTGCTGCAATGTGTCATT; reverse 5#-CTTGACATGCATACTATTATCTGATGTCA; probe 5#-FAM-ACAACTAAAAGTGCTCCTCCAAGCCAGGTCT-MGB. The relative amount of CD45 mRNA expression was calculated using the expression of human GAPDH as an endogenous control; the final results, expressed as N-fold differences in target gene expression relating to both the endogenous control gene expression and the calibrator, were determined using the 2 2DDCt method, as previously reported. The calibrator used to quantify 
statistical analysis
Differences and associations among categorical variables were analyzed using the Mann-Whitney, Kruskal-Wallis, or chi-square tests, as appropriate. Interobserver agreement for Bcl2 immunostaining classification was assessed by the kappa statistic. Disease-free survival (DFS) and overall survival (OS) analyses were carried out by applying univariate and stepwise forward multivariate Cox proportional hazards regression models [30] . The P values were considered statistically significant if <0.05. In multivariate Cox analyses, when the P value of a variable was between 0.051 and 0.060, we considered the likelihood ratio test between the models including and excluding the variable, and if this test was statistically significant the variable was maintained in the model. All statistical analyses were carried out using the STATA/SE 9.0 software (Stata Corporation, College Station, TX).
results identification of three classes of Bcl2 protein expression determined by immunohistochemical analysis
Bcl2 immunostaining was carried out in the first cohort of 72 patients who had been selected solely on the basis of frozen tissue sample availability. This group included 59 ductal carcinomas (81.9%), nine lobular carcinomas (12.5%), two pure mucoid carcinomas (2.8%), and two medullary carcinomas (2.8%). In positive cells, Bcl2 protein was expressed in the cytoplasm. In the samples examined, both the staining intensity and distribution were highly heterogeneous, ranging from the total absence of immunostaining to various intermediate staining patterns, up to a strong and homogenous immunostaining. In most of the studies reported in literature, Bcl2 immunostaining had been assessed by counting the number of labeled cells out of the total number of cancer cells within a variable number of microscopic fields, and defining different groups according to variable and arbitrary cut-off points [15, 17, [19] [20] [21] [22] [23] [24] . In our opinion, this quantitative method is not suitable for Bcl2 evaluation, since it does not take into account the staining intensity, which may be highly variable in cases with the same number of positive cells. Figure 1 shows five ductal carcinomas, which are characterized by various Bcl2 protein expressions. Figure 1A and B show the two extreme situations observed in our samples, ranging from the total absence of immunostaining ( Figure 1A ) to an intense cytoplasmic and plasmatic staining of all cancer cells ( Figure 1B ). In between, variable staining patterns were observed, including cases with a weak/moderate homogeneous cytoplasmic staining ( Figure 1C ) or with a heterogeneous staining distribution within the tumor area ( Figure 1D and E The j values obtained in the present study-by comparing the scores obtained by the three independent investigators-were 0.87, 0.83, and 0.82, respectively, thus indicating a good interobserver reproducibility of the proposed classification. Table 1 reports the associations between Bcl2 immunostaining and the histopathological characteristics of the patients enrolled in the study. The Bcl2 parameter showed the closest associations with ER status, nuclear grade, proliferate activity, and HER2 status, while a weaker association was observed with tumor size and lymph node status.
All patients were prospectively followed up for a median observation period of 106 months (range 4-139 months). Among them, 292 (66.1%) underwent mastectomy and 150 (33.9%) underwent conservative breast surgery followed by radiation therapy. One hundred and eleven patients received adjuvant systemic chemotherapy (cyclophosphamide, methotrexate, and 5-fluorouracil). One hundred and sixty-nine patients who did not receive systemic chemotherapy received adjuvant endocrine therapy alone (tamoxifen, 20 mg daily). The 11-year cumulative DFS and OS estimates for the whole series of patients were 67.65% and 72.47%, respectively. For survival analysis, all variables were categorized. The Ki67 variable was dichotomized using the cut-off point of 20% which, in a previous study, provided the best sensitivity and specificity for distinguishing high-from low-risk patients according to the receiving operator characteristic (ROC) curve analysis [30] . Patients were divided by age into two groups: a first group included 108 patients (24.4%) aged £50 years, while the second group included 334 patients (75.6%) of an age >50 years. Since histological grade and nuclear grade were closely associated with each other (Pearson chi-square = 189.439; P < 0.001), in survival analyses we considered only the original article Annals of Oncology nuclear grade, which expressed the highest prognostic value. Due to the low number of pT3 cases in our series (n = 11; 2.5%), pT3 and pT4 tumors were considered together. In the univariate DFS and OS analyses carried out on the entire series of patients, all variables tested achieved statistical significance, with the exception of patientsÕ age (Table 2) . When variables were included in a multivariate model, Bcl2 expression, N status, and Ki67 LIa emerged as independent predictors for both DFS and OS, while tumor size was significant in the OS analysis only (Table 2) .
In a second analysis, cases were split according to the most informative prognostic parameters reported in literature (i.e. N status), and lymph node-negative and -positive patients were examined separately. In the group of node-negative patients, Bcl2 expression and tumor size were capable of significantly predicting both DFS and OR in multivariate analysis (Table 3) , whereas in the group of patients with lymph node involvement, Bcl2 expression and Ki67 LIa showed an independent prognostic relevance (Table 4 ).
An additional survival analysis was carried out in subgroups of patients treated with different adjuvant protocols. Two groups were considered separately: a first group consisted of 169 patients treated with endocrine therapy only and the second group consisted of 111 patients who received chemotherapy either alone or associated with endocrine therapy. Multivariate analysis carried out in patients receiving endocrine therapy indicated Bcl2 expression, N status, and Ki67 LIa as significant predictors for both DFS and OS, while patient age was significant only in DFS analysis and tumor size was significant only in OS analysis (Table 5 ). In the group of patients who received chemotherapy as adjuvant treatment, Bcl2 immunostaining and N status and HER2 status emerged as independent predictors of clinical outcome in both DFS and OS multivariate analyses (Table 6) .
discussion
In the present study, we have applied a simple, semiquantitative classification of Bcl2 immunostaining to a group of 442 infiltrating ductal carcinomas of the breast. The classification, which takes into account both the distribution and the intensity of the staining reaction, consists of the definition of three well-cut groups of tumors characterized by: (i) the absence of immunostaining (class 0); (ii) the presence of an intense homogenous immunostaining (class 2); and (iii) the presence of intermediate staining intensities and/or the coexistence of variable distribution patterns within the same tumor area (class 1). Before starting the study, we validated this classification in 69 breast cancer specimens by comparing the Bcl2 immunostaining with the Bcl2 mRNA levels evaluated by real-time RT-PCR on frozen samples from the corresponding tumors. Our results, showing a highly significant association between Bcl2 protein and -mRNA values, demonstrated that the proposed Bcl2 scoring system permits a reliable assessment of Bcl2 expression in breast tumors. The immunohistochemical expression of Bcl2 protein was assessed in patients who were prospectively followed up for a long period, in order to define its clinical relevance. Consistent with the data found in literature, a high Bcl2 expression resulted to be associated with prognostic factors which express a well-differentiated phenotype (low histological/ nuclear grade, positive ER/PRG status, and low proliferation rate), while a weaker correlation was found between Bcl2 levels and parameters indicating tumor progression (tumor size and nodal status). In the entire group, patients expressing high Bcl2 levels had significantly improved DFS and OS. Moreover, when compared with the other well-established variables that are commonly considered for the prognostic definition of breast cancer patients, Bcl2 expression emerges as an independent predictor of both DFS and OS and maintained its independence even when patients were considered separately according to their lymph node status. Our results appear particularly interesting in node-negative patients since, within this subgroup, biomolecular markers capable of accurately predicting survival are still lacking [31] . Five previous investigations have assessed the prognostic impact of Bcl2 protein expression on node-negative breast cancer patients: three of them [15, 16, 32] failed to demonstrate any prognostic value of the Bcl2 parameter, while the other two showed a moderate prognostic relevance in univariate analysis only [19, 33] . All these investigations have considered two groups of patents only, characterized by absent-to-weak versus moderateto-strong immunostaining. In the present study, we have applied a three class-based scoring system which showed a greater prognostic impact. In particular, our classification allows the identification of a subset of node-negative patients characterized by a negative Bcl2 immunostaining, who have a very high probability of relapse or death (respectively about five and seven times greater than patients with a positive Bcl2 immunostaining), and who could probably benefit from additional treatments. The prognostic impact of the Bcl2 expression was also separately evaluated within subsets of patients who received different adjuvant treatments. In the 169 cases who received endocrine therapy only, Bcl2 immunostaining showed an independent prognostic capacity together with cell proliferation rate and N status, and proved to be a more accurate predictor of survival than ER status, in accordance with previous investigations [15, 24, 25] . Also within the group of 111 patients treated with chemotherapy, Bcl2 expression disclosed a significant prognostic relevance, and in the multivariate analysis it emerged as the only independent predictor of both DFS and OS, together with the lymph node status. These results are in line with previous studies obtained in breast cancers [17, 20, 22] ; they are, however, totally in contrast with the results obtained both in other tumor types [8, 9, 34] and in in vitro models [35] [36] [37] , including human breast cancer cell lines [38, 39] . In this regard, Yang et al. [40] evaluated the in vitro chemosensitivity of 117 breast carcinoma specimens to five chemotherapeutic drugs (mitomicin D, 5-fluorouracil, adriamicin, cisplatinum, and cyclophosphamide), and found that the susceptibility of Bcl2-negative tumors to the tested drugs was significantly higher than that of Bcl2-positive tumors. In another clinical study, however, the same research group demonstrated that in breast cancer patients treated with chemotherapy, Bcl2 overexpression was a significant favorable predictive factor for survival [20] . Similar results had been reported by Gasperini et al. [22] and Le et al. [17] , who found that a high Bcl2 expression was associated with a better outcome in patients treated with chemotherapy. Our results are consistent with these latter observations and confirm that, in contrast to in vitro data on drug resistance of breast cancer cells, breast cancer patients treated with chemotherapy have a better clinical outcome when expressing high Bcl2 levels.
In conclusion, the present results indicate that the proposed three class-based classification of Bcl2 immunostaining, validated by its close association with Bcl2 mRNA expression, makes it possible to obtain a reliable prognostic indication of clinical outcome for patients with infiltrating ductal carcinomas of the breast. The Bcl2 parameter was shown to be particularly predictive in node-negative cancers. 
